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Introduction 49 The challenge for all studies on genetic diseases is to disentangle disease-causing genetic 50 variations from those that are not. This task is inherently dependent on knowledge of the 51 genetic variation in the population. Even though a number of large-scale projects (1-3) 52 have mapped much of the common global human genetic variation, the map of human 53 genetic diversity is far from complete, in particular with respect to rare variants. The 54 recent explosive population growth has resulted in an abundance of rare variants (4,5) 55 which, because of their relatively recent origin (6,7) tend to be geographically clustered 56 to a higher degree than variants that are common in different parts of the world (8). 57 Therefore, in order to obtain a better overview of all genetic variation it is important to 58 sequence geographically focused populations. In recent years, several such projects have 59 mapped the genetic variation in national populations, providing important information 60 regarding locally occurring rare variation (9) (10) (11) . 61 An addition to these was the recent release of a whole-genome sequenced Swedish 62 national reference population, SweGen (12). The genetic structure of the Swedish 63 population is characterized by a pronounced genetic difference between the northernmost 64 counties and the rest of Sweden (13, 14) . For example, the genetic distance, as measured Programme (22) (VIP) cohort of the Northern Sweden Health and Disease Study 100 (NSHDS) . Blood from residents were collected in health care units in each municipality 101 and a donated sample was considered to represent a resident of that municipality. Half of 102 the samples to be sequenced were spread evenly over the 15 municipalities of the county. 103 The remaining half were dedicated to increase the frequency of sequenced individuals in 104 the three most highly populated municipalities (Lycksele, Skellefteå, and Umeå), as well 105 as two municipalities that is located on the border ( Supplementary Fig 1) . An equal 106 number of men and women were selected in each municipality. To maximize the diversity 107 among selected individuals and to minimize selection bias, 27 phenotypic, health, and 108 lifestyle-related variables were extracted from the VIP ( Supplementary Table 1 ), and a 109 principal component (PC) model was used to select the individuals to be sequenced from 110 each municipality. Principal component (PC) models were calculated separately for each 111 gender and municipality. Samples to be sequenced were selected from the two first PCs 112 according to a full factorial design in two levels with one center point (Supplementary 113 Fig 2) . For municipalities where sample size was substantially increased (Lycksele, 114 Umeå, and Skellefteå), we extended the experimental design with another full factorial 115 design around each of the corner points, as well as with another four center points 116 ( Supplementary Fig 2b) . For the municipalities where sample size was moderately 117 increased (Storuman and Malå), we extended the experimental design simply by adding 118 6 another full factorial design in two levels and one center point but angled 45 degrees to 119 the original one. 120 Whole genome sequencing, raw data processing and calling of variants 121 DNA samples were obtained from the NSHDS and paired-end sequenced (2x150 bp) to 122 a depth of at least 30x using the Illumina HiSeqX system at NGI-U (Uppsala, Sweden). 123 Samples underwent a quality check by the sequencing facility. PCR-free library 124 preparation kits were used for all samples. 125 Raw data processing was performed in accordance with the GATK best practices(23,24). 126 Briefly, reads were aligned to the 1000g fasta reference (b37) using BWA (v0.7.10-r789) 127 (25) Sorting, indexing, and marking of duplicates was done using Picard (v. and found that a total of 2,022,713 variants were not represented in the collection (Table   255 2). Even though many (938,209) of these unique variants were singletons, as many as (Table 3) . 278 It was earlier demonstrated that there is a north-south gradient, where genetic (Table 3 and Table 4 ). The emerging structure within the county could be further stratified 295 by the municipal association of the samples. Samples tend to cluster according to 296 municipality in the first and second principal components in a way that mimics the 297 geographical associations of the municipalities. That is to say, neighboring municipalities 298 tend to be represented in the PCA by neighboring samples (Figure 4 ) which correlates 299 with our demographic analysis (Table 1) Figure 5B ) when using the combination of 323 the reference panels, compared to using only the 1000g reference panel. For variants with 324 minor allele frequency ≤ 5% the corresponding increase was 81% and 23% for the 325 Västerbotten and Swedish cohort, respectively ( Figure 5 ). For variants that were directly 326 genotyped by array technology in the Västerbotten County and Swedish national cohorts, 327 accuracy of imputation was assessed by means of r 2 values (i.e. the correlation between 328 the genotyped and imputed values for a particular variant). Accuracy of imputation of 329 genotyped variants increased with 3.4% in the Västerbotten county cohort (mean r 2 =0.98) 330 and 1.1% in the Swedish cohort (mean r 2 =0.95) when using the combination of 1000g 331 and ACpop, compared to using the 1000g panel alone (Supplementary figure 3) . founders, in combination with population isolation. In addition, one study (44) that was 369 limited to one coastal municipality suggested an increased occurrence of consanguineous 370 marriages during the 19 th century which, if this is representative for the entire county, will 371 influence the inbreeding coefficient of our samples. 372 Imputation is a method that is often used to increase the number of genetic variants that 373 can be investigated in genetic association studies, and the 1000g is often the reference 374 panel of choice for these analyses. But although the 1000g includes several genetically 375 diverse populations, we found that including ACpop (n=300) together with the 1000g 376 reference panel (n=2,504), had a positive impact on imputation performance in 377 Västerbotten samples. The increase of confidently imputed variants was highest for 378 variants with minor allele frequency ≤ 5%. Rare variants are underrepresented on the 379 array and in our analyses of imputation accuracy. However, previous studies have shown that the addition of a genetically well-match reference panel increase imputation accuracy 381 also for rare variants (42). The increase in imputation performance was not as striking in 382 a Swedish national cohort, which again is likely to be the result of the genetic differences 383 between the north and south of Sweden. Imputation performance is expected to increase 384 as haplotypes are added to the imputation reference panel (45) . However, the modest 385 increase in imputation performance in the Swedish national cohort suggests that the 386 distinct increase in imputation performance in the Västerbotten cohort is, to a large extent, 387 due to the addition of reference samples that are genetically well-matched. Our results 388 suggest that association studies in populations that are not well represented by panels such 389 as 1000g would greatly benefit by the addition of reference subjects for imputation who 390 are drawn from the same geographical region as the studied individuals. Table 1 -Origins of the Västerbotten population aged 60 or older in 1995. The origin 557 (geographical region of birth) as a percentage of the population that were living in 558 Västerbotten County in the year 1995 and that were aged 60 or more at the time. 
